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TECHNIQUE TO DELEGATE PREFIXES TO
WI-F1 CLIENTS CONNECTED TO MOBILE
ACCESS POINT ROUTERS

RELATED APPLICATIONS

The present application claims priority to Indian Appli-
cation No. 3745/CHE/2014, entitled ““Technique to Delegate

Prefixes To Wi-F1 Clients Connected To Mobile Access
Routers,” filed Jul. 31, 2014, the entire contents of which are
hereby incorporated by reference.

BACKGROUND

Numerous techniques and protocols are utilized to enable
computing devices to connect to and communicate over
packet-switching, wide area networks (WANs). For
example, Internet Protocol version 4 (IPv4) and Internet
Protocol version 6 (IPv6) may be used to enable devices to
exchange packet data over the Internet. For the IPv6 proto-
col, devices may connect to a WAN using 128-bit addresses
that include unique prefixes that are typically 64-bit in
length and that are administered by a network entity. In
common scenarios, a router device (e.g., a Wi-Fi router, a
soltware-enabled access point (“softAP”) device, etc.)
receiving such a prefix via i1ts modem may share the same
prefix with all client devices connected to a local area
network (LAN) established by the router device such that all
traflic to the WAN from the router device includes the same
prefix. For example, LAN client devices connected to the
router device may combine the shared prefix with a unique
identifier (e.g., a MAC address, etc.) in order to generate
their IPv6 address for packet transmissions. Such uniformity
of prefix may be problematic for network carriers and other
entities that desire to accurately identify different devices
using the WAN and to bill based on usage. Further, although
some duplicate address detection processes may be executed
when LAN client devices generate their IPv6 address using,
a shared prefix, other LAN client devices may have the same
address, causing redundancies in IPv6 addresses.

Some router devices (or packet data network (PDN)
connections) may be configured to utilize a “prefix delega-
tion” feature, such as described by the 3rd Generation

Partnership Project (3GPP) (e.g., within the standards docu-
ment 3GPP TS 23.060 V10.4.0). Implementing such a
feature, a router device may obtain (via its modem) a single
network prefix that is shorter than the default prefix size
(c.g., 64-bit or /64). For example, the router device may
obtain a short prefix 56-bit 1n size (or /56). The router device
may allocate unique prefixes (e.g., 64-bit in length) used for
IPv6 stateless auto-configuration using the bits that are not
used 1n the short prefix (e.g., 56-bit 1n length, etc.), allowing,
a certain number of LAN client devices to all have unique
prefixes. For example, when the default prefix 1s 64-bit long
and the prefix delegation router device obtains a short prefix
that 1s 56-bit long, the router device may utilize 8-bits to
generate a fixed number of 64-bit unique prefixes based on
the short prefix. Each of the generated 64-bit unique prefixes
may then be assigned to different client devices connected to
the router device (e.g., via a LAN connection). The router
device may generate and assign 64-bit length unique pre-
fixes upon request from connected LAN client devices. In
this way, the remaining address space from the short prefix
can be delegated to the router device (or PDN connection)
using prefix delegation, so that the router device may
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2

provide on request a certain number of LAN client devices
unmique IPv6 addresses that fit into the total available IPv6
address space.

Prefix delegation 1s often utilized by some router devices.
For example, a main use of prefix delegation 1s typically for
a service provider to assign a prefix to a customer-provided
equipment (CPE) device acting as a router between a
subscriber’s internal network and the service provider’s core
network. This may be usetul for companies that need a large
address space.

Router devices may not continually have an IPv6 data
connection (1.e., a data call, a backhaul connection, a
WWAN connection, a Wi-Fi1 connection, a USB connection,
etc., to an access point or base station which provides
connections to carrier networks and/or the Internet) estab-
lished upon boot up. Some router devices, such as 4G and/or
3G based mobile routers (e.g., a Wi-F1 routers establishing
4G and/or 3G wireless connections to the PDN, softAP
devices establishing 4G and/or 3G wireless connections to
the PDN, etc.), may bring up a data connection on an as
needed basis. For example, the router devices may establish
LLAN connections to the various LAN client devices upon
boot up, but may only establish a data connection as
requested, such as by a user selection enabling a data
connection, an application requesting the establishment of a
data connection, etc. Additionally, the data connection can
be terminated and re-established due to factors inherent in
wireless connections, including connection interruptions
caused by the router device moving (e.g., being used in a car,
on a train, while a user 1s walking, etc.), wireless interfer-
ence, elc.

When a router device does not support prefix delegation,
the lack of a continuous data connection may not present a
problem because each time a data connection 1s established
the router device will send unsolicited router advertisements
to the pre-defined multicast “all nodes address.” The use of
the “all nodes address™ will cause the router advertisement
to be recerved by all connected LAN clients. In this manner
the LAN clients will get a global IPv6 address each time the
data connection 1s established/re-established.

When prefix delegation 1s utilized by a router device, each
time a data connection 1s brought up (i.e., established or
re-established), the network provides a delegated prefix, and
all LAN clients (e.g., WLAN clients, USB tethered clients,
etc.) connected to the router device will receive a unique
prefix based on the delegated prefix. When using prefix
delegation, each client 1s required to use the stateless address
configuration procedure in order to receive its assigned
unique prefix (1.e., each client must send the router device a
solicitation message).

However, the need to have each client request 1ts unique
prefix with a solicitation message when using prefix delega-
tion may pose a problem as LAN clients already connected
to the router device when then data connection 1s brought up,
may not send out solicitation messages. For example, the
L AN client’s stateless address configuration may have timed
out and the LAN client may not send further router solici-
tation messages as described in Network Working Group
Request for Comments 4861, section 6.3.7 “Sending Router
Solicitations™ available at http://www/rfc-base.org/txt/ric-
4861.txt. Because the already connected LAN clients may
not send router solicitation messages, the connected LAN
clients may not request and receive their unique prefixes.
Without their unique prefixes, even though the data connec-
tion may be up (1.e., established or re-established), the
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already connected LAN clients may not access the Internet
over IPv6 as the already connected LAN clients will not
have a valid unique prefix.

SUMMARY

The methods, devices, systems, and non-transitory pro-
cess-readable storage media of the various embodiments
enable a software-enabled access point mobile computing
device to delegate prefixes to already connected LAN client
devices upon establishment or re-establishment of a data
connection. The various embodiments may enable a mobile
computing device configured to operate as a mobile router
(1.e., a softAP mobile computing device) to support prefix
delegation by providing unique IPv6 prefixes to connected
L AN client devices. In an embodiment, a router configura-
tion module of a softAP mobile computing device may
determine whether an Internet Protocol version 6 (IPv6) data
connection 1s established, generate a router solicitation mes-
sage based on a link local address and client device 1dentifier
of the client device 1n response to determining that the IPv6
data connection 1s established, and send the generated router
solicitation message to an IPv6 address management module
of the softAP mobile computing device. The IPv6 address
management module of the soft AP mobile computing device

may assign an unassigned prefix of a pool of available
prefixes to the client device based on the received router
solicitation message from the router configuration module.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated
herein and constitute part of this specification, illustrate
exemplary embodiments of the invention, and together with
the general description given above and the detailed descrip-
tion given below, serve to explaimn the features of the
invention.

FIG. 1 1s a component block diagram of a communication
system including a mobile computing device functioning as
a software-enabled access point (or mobile router) for vari-
ous devices according to various embodiments.

FIG. 2A 1s a component block diagram of modules within
a mobile computing device configured to operate as a
soltware-enabled access point (or mobile router) according
to an embodiment.

FIG. 2B 1s a component block diagram of modules within
a mobile computing device configured to operate as a
soltware-enabled access point (or mobile router) according
to another embodiment.

FIG. 3 15 a process tlow diagram 1llustrating an embodi-
ment method for a mobile computing device configured to
operate as a mobile router to support prefix delegation by
providing unique IPv6 prefixes to connected LAN client
devices.

FIG. 4 1s a process flow diagram illustrating another
embodiment method for a mobile computing device config-
ured to operate as a mobile router (1.e., a softAP mobile
computing device) to support prefix delegation by providing
unique IPv6 prefixes to connected LAN client devices.

FIG. 5 1s a process flow diagram illustrating a third
embodiment method for a mobile computing device config-
ured to operate as a mobile router (i.e., a soitAP mobile
computing device) to support prefix delegation by providing
unique IPv6 prefixes to connected LAN client devices.

FIG. 6 1s a component block diagram of a mobile com-
puting device suitable for use 1n various embodiments.
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4
DETAILED DESCRIPTION

The various embodiments will be described 1n detail with
reference to the accompanying drawings. Wherever pos-
sible, the same reference numbers will be used throughout
the drawings to refer to the same or like parts. References
made to particular examples and implementations are for
illustrative purposes, and are not intended to limit the scope
of the mvention or the claims.

The word “exemplary” 1s used herein to mean “serving as
an example, 1stance, or illustration.” Any implementation
described herein as “exemplary” 1s not necessarily to be
construed as preferred or advantageous over other imple-
mentations.

The terms “mobile computing device” and “computing
device” are used herein to refer to any one or all of cellular
telephones, smart-phones, web-pads, tablet computers,
Internet enabled cellular telephones, Wi-Fi enabled elec-
tronic devices, personal data assistants (PDA’s), laptop
computers, personal computers, and similar electronic
devices equipped with at least a processor and configured
with a network transceiver to establish a wide area network
(WAN) and/or a local area network (LAN) connection (e.g.,
an LTE, 3G or 4G wireless wide area network transceiver, a
wired connection to the Internet, or Wi-Fi).

The terms “‘software-enabled access point mobile com-
puting device” or “softAP mobile computing device” or
“mobile access point router” are used herein to refer to
mobile computing devices configured to execute various
soltware, applications, routines, instructions, and/or opera-
tions for operating as a routers capable of establishing WAN
connections and LAN connections for enabling client
devices to commumicate with the WAN. For example, a
soltAP mobile computing device may be a smartphone
configured to operate as a wireless router (e.g., mobile Wi-Fi
router) for providing client devices access to a cellular wide
area network.

The embodiment techniques described herein may utilize
various wireless communication networks having such stan-
dards and/or protocols as Code division multiple access
(CDMA), Time division multiple access (TDMA), Fre-
quency Division Multiple Access (FDMA), Orthogonal Fre-
quency-Division Multiple Access (OFDMA), etc. A CDMA
network may implement a radio technology such as Uni-
versal Terrestrial Radio Access (UTRA), cdma2000, etc.
UTRA 1includes Wideband-CDMA (W-CDMA) and other
variants of CDMA. Further, cdma2000 may cover 15-2000,
IS-95 and I1S-856 standards. A TDMA network may 1imple-
ment a radio technology such as Global System for Mobile
Communications (GSM). An OFDMA network may 1mple-
ment a radio technology such as Evolved UTRA (E-UTRA),
Ultra Mobile Broadband (UMB), IEEE 802.11 (Wi-Fi),
IEEE 802.16 (WiMAX), IEEE 802.20, Flash Orthogonal
Frequency Division Multiplexing (Flash-OFDM), etc.
UTRA and E-UTRA are part of Universal Mobile Telecom-
munication System (UMTS). 3GPP Long Term Evolution
(LTE) 1s a release of UMTS that uses E-UTRA, which
employs OFDMA on the downlink and SC-FDMA on the
uplink. UTRA, E-UTRA, UMTS, LTE and GSM are
described 1n documents from an organization named *“3rd
Generation Partnership Project” (3GPP). Additionally,
cdma2000 and UMB are described in documents from an
organization named ‘“3rd Generation Partnership Project 27
(3GPP2).

The various embodiments provide methods, devices, sys-
tems, and non-transitory process-readable storage media for
a software-enabled access point mobile computing device to
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delegate prefixes to already connected LAN client devices
upon establishment or re-establishment of a data connection.
The various embodiments may enable a mobile computing
device configured to operate as a mobile router (i.e., a
soltAP mobile computing device) to support prefix delega-
tion by providing umique IPv6 prefixes to connected LAN
client devices.

In an embodiment, a router configuration module of a
mobile router may store client information, such as link local
addresses (e.g., link local IPv6 addresses) and client device
identifiers (e.g., MAC IDs) for client devices connecting to
a LAN interface. For example, the router configuration
module may store client information received in neighbor
advertisement packets and/or NEW_NEIGH events gener-
ated as client devices establish LAN connections. In an
embodiment, the router configuration module may monitor
whether a data connection (1.e., a data call, a backhaul
connection, a WWAN connection, a Wi-F1 connection, a
USB connection, etc., to an access point or base station
which provides connections to carrier networks and/or the
Internet) 1s brought up (e.g., established or re-established).
In an embodiment, each time a data connection 1s estab-
lished the router configuration module may generate router
solicitation messages (e.g., a router solicitation packet)
based on the stored client information on behalf of all
connected LAN clients, and may send the router solicitation
messages to the IPv6 address management module. In this
manner, the IPv6 address management module may be
provided router solicitation messages as if each connected
client device had generated 1ts own router solicitation mes-
sage. The IPv6 address management module may receive the
router solicitation messages and assign unique IPv6 prefixes
based on the router solicitation messages from the router
configuration management module and send router adver-
tisements including the unique IPv6 prefixes to each con-
nected LAN client device’s local link address. In this
manner, each connected LAN client device may receive its
unique IPv6 prefix and generate a unique IPv6 global
address based on the unique IPv6 address with which to
receive IPv6 data packets.

In an alternative embodiment, rather than generating a
router solicitation message on behall of the client device,
cach time a data connection 1s established a router configu-
ration module may send an indication of the stored client
information including at least the link local address and
client device identifier to the IPv6 address management
module to enable the IPv6 address management module to
assign a unique IPv6 prefix.

In another alternative embodiment, rather than informa-
tion being sent from the router configuration module to the
IPv6 address management module to assign a unique IPv6
prefix, the LAN connection used by the LAN client device
may be terminated each time a data connection 1s estab-
lished, thereby causing the L AN client device to re-establish
the LAN connection and send 1ts own router solicitation
message to the IPv6 address management module.

The various embodiments may provide methods for sup-
porting prefix delegation by a softAP mobile computing
device to a client device connected to a local area network
(LAN) established by the soft AP mobile computing device
even though the client device’s stateless address configura-
tion processes may have timed out. In this manner, the
various embodiments may improve the functioning of
soltAP mobile computing devices and/or client devices by
enabling already connected client devices to make use of
newly established or re-established IPv6 data connections.
Additionally, the various embodiments may improve the
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functioning of softAP mobile computing devices and/or
client devices by making connections by clients through the
soltAP mobile computing device more robust and providing
automatic, repeatable, and more frequent data connection
availability to connected clients devices through softAP
mobile computing devices.

FIG. 1 1llustrates a commumnication system 100 including
a software access point (softAP) mobile computing device
140 1n wireless communication with various devices. The
soltAP mobile computing device 140 may be any mobile
computing device capable of executing applications, rou-
tines, logic, instructions, circuitry, units, modules, and/or
other components for enabling software-enabled access
point (or mobile router) functionalities. For example, the
soltAP mobile computing device 140 may include Wi-Fi1
transceivers, cellular network chip(s)modem(s), subscriber
identity modules (SIMs or SIM cards), antenna, processor
(s), memory(s), and other components that may enable the
soltAP mobile computing device 140 to establish a local
area network (LAN) 180 (e.g., a Wi-F1 LAN) as well as
communicate with various devices in a wide area network
(WAN) 170. In particular, the softAP mobile computing
device 140 may include components for communicating via
wireless wide area network (WWAN) connections 141, 143,
145 with base stations 150, 152, 154 associated with various
carrier networks 130, 132, 134 (e.g., cellular networks).

Each of the base stations 150, 152, 154 may be connected
to their respective carrier networks 130, 132, 134 via con-
nections 151, 153, 155. The carrier networks 130, 132, 134
may 1n turn have connections 161, 163, 165, respectively, to
the Internet 160. Such base stations 150, 152, 154 and their
respective carrier networks 130, 132, 134 may be afhiliated
with different telecommunication standards and/or proto-
cols, such as Global System for Mobile Communications
(GSM), 4” Generation (4G), 3" Generation (3G), Universal
Mobile Telecommunications System (UMTS), etc. For
example, the first base station 150 and carrier network 130
may be associated with an long-term evolution (LTE) net-
work, the second base station 152 and carrier network 132
may be associated with a wideband code division multiple
access (WCDMA) network, and the third base station 154
and carrier network 134 may be associated with a code
division multiple access (CDMA) network. In some embodi-
ments, any combination of the base stations 150, 152, 154
and carrier networks 130, 132, 134 may utilize the same
telecommunication standards (e.g., LTE, etc.).

In some embodiments, the softAP mobile computing
device 140 may be configured to connect to another access
point via wireless or wired communications. For example,
the soft AP mobile computing device 140 may connect via a
wireless connection 147 to a hardware router 156 (or hard-
ware Wi-F1 access point) associated with a local area net-
work 158 having a connection 157 to the Internet 160. For
example, the softAP mobile computing device 140 may
utilize a Wi-F1 transceiver to exchange data with the hard-
ware router 156. As another example, the softAP mobile
computing device 140 may connect via a wired connection
(e.g., a USB connection, etc.) to hardware router 156 having
a connection 157 to the Internet 160. In other words, the
soltAP mobile computing device 140 may utilize a wireless
(e.g., Wi-F1) or wired (e.g., USB) backhaul via the hardware
router 156 and/or other backhauls via the various base
stations 150, 152, 154.

Executing software for enabling a connectable software
access point (or soltware-enabled access point router), the
softAP mobile computing device 140 may be capable of
providing a local area network (LAN) 180 that may provide
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a plurality of client devices access to the various resources
and/or devices via the WAN 170. In particular, the softAP
mobile computing device 140 may serve as a LAN router (or
hub) that provides a WAN connection for various client
devices having wireless connection capabilities (e.g., Wi-Fi,
etc.), such as a game console 102 (e.g., Xbox 360®, Xbox
One®, etc.), a smartphone 104 (or tablet device), a laptop
computer 106, a television device 108 (e.g., a smart TV), a
desktop computer 110 (or personal computer), and a local
router device 190.

Each of the client devices 102, 104, 106, 108, 110, 190
may be configured to connect to the softAP mobile com-
puting device 140 via wired or wireless connections 103,
105, 107,109, 111, 191. For example, the game console 102
may connect to the softAP mobile computing device 140 via
a first connection 103, the smartphone 104 may connect to
the softAP mobile computing device 140 via a second
connection 105, the laptop computer 106 may connect to the
soltAP mobile computing device 140 via a third connection
107, the television device 108 may connect to the softAP
mobile computing device 140 via a fourth connection 109,
the desktop computer 110 may connect to the softAP mobile
computing device 140 via a fifth connection 111, and the
local router device 190 may connect to the soft AP mobile
computing device 140 via a sixth connection 191. As another
example, the desktop computer 110 may connect to the
soltAP mobile computing device 140 via a unmiversal serial
bus (USB) connection 113 instead of or in addition to
connecting to the softAP mobile computing device 140 via
a Wi-F1 connection.

In various embodiments, the connections 103, 105, 107,
109, 111, 191 may be wired (e.g., USB connections, etc.) or
wireless (e.g., Wi-F1 connections, etc.). In some embodi-
ments, the connections 103, 105, 107, 109, 111, 191 may
utilize various short-range or long-range wireless commu-
nication technologies, protocols, and/or standards, such as
Bluetooth, Zigbee, Wi-Fi1 Direct, RF, etc.

In IPv6 prefix delegation operations, the softAP mobile
computing device 140 may utilize a short prefix provided by
a network resource (e.g., a 56-bit prefix, etc.) and the various
client devices 102, 104, 106, 108, 110, 190 may utilize
unique prefixes generated by the softAP mobile computing

device 140 based on the short prefix. For example, each of

the client devices 102, 104, 106, 108, 110, 190 may be
assigned a 64-bit prefix 1n response to connected to the LAN
180 established by the softAP mobile computing device 140.

In some embodiments, the softAP mobile computing
device 140 may indirectly provide a WAN connection to
other devices. In particular, the local router device 190
connected to the WAN 170 via the LAN 180 established by
the softAP mobile computing device 140 may in turn
provide the WAN connection to another mobile computing,
device 192 via a Wi-F1, Bluetooth, or other wired or wireless
connection. In such a case, the other mobile computing
device 192 may utilize any prefix designated to the local
router device 190 by the soft AP mobile computing device
140.

FIG. 2A 1llustrates modules within a softAP mobile
computing device 140 configured to operate as a mobile
router suitable according to an embodiment. As described
above, the softAP mobile computing device 140 may
include various components and functionalities for conduct-
ing communications with resources in a wide area network
(WAN). For example, the soft AP mobile computing device
140 may include antennas/transceivers configured to
exchange communications with a base station 250 of a
cellular network via a wireless wide area network (W WAN)
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connection 251. The softAP mobile computing device 140
may 1include various components and functionalities for
establishing a local area network (LAN) and conducting
communications with resources connected to the LAN. For
example, the softAP mobile computing device may include
a Wi-F1 transcerver configured to exchange signals with
nearby client devices 230a-230c¢ via wireless connections
231a-231c (e.g., Wi-F1 communications, etc.).

The soft AP mobile computing device 140 may include an
application processor 202 configured to execute various
soltware applications, modules, routines, 1nstructions, and
other operations. The application processor 202 may be
configured to execute a router configuration module 204 (or
mobile AP router configuration module or daemon) and a
kernel module 206 (e.g., an operating system), such as
Linux, Android, 10S, and/or Windows. In some embodi-
ments, the router configuration module 204 may be config-
ured to send router solicitation messages on behalf of
connected LAN client devices to a IPv6 address configura-
tion module 222 supported by the modem processor 220.
The kernel module 206 may be configured to enable various
functionalities of the soft AP mobile computing device, such
as operations for controlling a LAN interface module 208
for processing communications associated with a local area
network (e.g., Wi-F1 communications with client devices
230a-230¢, etc.), as well as a wireless wide area network
(WWAN) interface module 210.

The softAP mobile computing device 140 may also
include a modem 1ncluding a modem processor 220 config-
ured to execute and otherwise support various software
modules for handling communications. In particular, the
modem processor 220 may be configured to execute an IPv6
address management module 222 and a dynamic host con-

figuration protocol (DHCP) v6 client device module 224 (or
DHCPv6 client device module) for handling IP addresses.

The DHCPV®6 client device module 224 may be configured
to obtain a short prefix (or a delegated prefix), such as a
56-bit (or /56) unique prefix, from a network resource 1n
response to requests (or triggers) from the IPv6 address
management module 222. The IPv6 address management
module 222 may be configured to assign unique prefixes
(e.g., 64-bit prefixes) to connected LAN client devices based
on the short prefix received from the network resource.
When the DHCPv6 client device module 224 obtains a short
prefix from the network (e.g., a /56 prefix), the modem
processor 220 may be capable of generating and assigning
unmique prefixes (e.g., 64-bit prefixes) for various connected
LAN client devices, such as by generating linearly increas-
ing 64-bit prefixes based on the short prefix. The modem
processor 220 and the application processor 202 may be
connected via a bus 240 for exchanging data and various
signaling between the processing units.

The following 1s an illustration of an 1nteraction between
the various components of the softAP mobile computing
device 140 for obtaining and managing unique prefixes for
a LAN client devices 230a-230¢ according to some embodi-
ments.

LAN client devices 230a-230c may establish wireless
connections 231a-231¢ with the softAP mobile computing
device 140 to establish a local area network. As the client
devices 230a-230c¢ connect to the LAN interface 208, the
client devices 2304a-230¢ may send router solicitation mes-
sages requesting their unique IPv6 prefixes (e.g., 64-bit)
from the IPv6 address management module 222. The client
devices 230a-230¢ may send router solicitation messages
upon connecting to the LAN interface 208 for a set period
of time and/or for a set number of attempts. When a data
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connection 1s established, the IPv6 address management
module 222 may send the unique IPv6 prefix to the request-
ing client device 230a-230¢ 1n response to the received
router solicitation message, and in response to receiving the
IPv6 prefix the client device 230a-230¢c may cease sending
turther router solicitation messages. When a data connection
1s not established, the IPv6 address management module 222
may not send a umque IPv6 prefix, and in response to
determining that the set period of time has expired and/or
that the set number of attempts has been exceeded, the
stateless address configuration efforts, specifically the send-
ing of router solicitation messages, by the client device
230a-230c may time out and the client device 230a-230c¢
may cease sending further router solicitation messages.

The modem processor 220 may be configured to directly
setup a WAN connection (or PDN connection) with a wide
area network (e.g., an LTE cellular network)(i.e., a data
connection). The DHCPv6 client device module 224 may be
configured to obtain a short prefix (e.g., a /56 prefix, etc.)
from WAN resources via the WAN connection. Via the LAN
interface module 208 and kernel module 206, the application
processor 202 may receive a solicitation message from a
LAN client device 230q, indicating that the LAN client
device 230q 1s requesting a connection to an established
LLAN, and thus also utilize the WAN connection established
by the softAP mobile computing device 140. The LAN
interface module 208 may transier the solicitation message
indicating that the identifier of the LAN client device 230a
through the WWAN 1nterface module 210 to the modem
processor 220 to be handled by the IPV6 address manage-
ment module 222. When the WAN connection (i.e., the data
connection) 1s established, in response to the received solici-
tation message, the IPV6 address management module 222
may assign a unique IPv6 prefix (e.g., 64-bit) to the LAN
client device 230a that 1s based on the obtained short prefix
(e.g., 56-bit). The unique IPv6 prefix may be transmitted to
the LAN client device 230a. When the WAN connection
(1.e., the data connection) 1s not established, no umique IPv6
prefix may be generated or sent.

In an embodiment, to enable a client device 230a-230c¢
that may have timed out to receive a unique IPv6 prefix
when the data connection 1s established and/or re-estab-
lished after the client device 230a-230c¢ has connected to the
LAN interface 208, the router configuration module 204
may monitor a status of the data connection and send router

solicitation messages on behalf of the connected client
devices 230a-230c. As LAN connections to the client
devices 230a-230¢ are brought up with the LAN interface
208, the router configuration module 204 may listen for
advertisements and/or events, such neighbor advertisement
packets from client devices and/or the kernel module 206,
NEW_NEIGH events generated by the kernel module 206,
etc., indicating the link local addresses (e.g., link local IPv6
address) and client device identifier (e.g., MAC address)
used by the respective client devices 230a-230c¢ connected
to the LAN 1ntertace 208. The router configuration module
204 may store the link local addresses and client device
identifier for the connected client devices 230a-230c. When
a data connection 1s established and after the network
assigns a delegated prefix, the router configuration module
204 may receive an indication that a data connection 1is
established. For example, the indication may be a message
from a module of the modem 220, such as the IPv6 address
management module 222 or DHCPv6 client module 224, or
may be a setting of a periodically checked flag 1n memory
that indicates (e.g., by a 1 or a 0) that a data connection 1s

established.
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In an embodiment, 1n response to recerving the indication
that the data connection 1s established, the router configu-
ration module 204 may generate router solicitation messages
(e.g., a router solicitation packet) on behalf of each con-
nected client device 230a-230c. Each router solicitation
message may be generated using the respective link local
address and client device identifier of one of the client
devices 230a-230c¢. In this manner, the router solicitation
messages may appear to have been generated by the respec-
tive client devices 230a-230c¢ themselves. The router con-
figuration module 204 may send the generated router solici-
tation messages to the IPv6 management module 222. The
IPv6 management module 222 may assign a unique IPv6
prefix from the pool of IPv6 prefixes to each client device
230a-230¢ associated with one of the router solicitation
messages recerved from the router configuration module 204
as though the router solicitation messages were generated by
the client devices 230a-230c. The IPv6 management module
222 may then send a router advertisement including that
client device’s 230a-230c¢ respective unique IPv6 prefix to
the link local address of the respective client device 230a-
230c¢. In this manner, because the IPv6 management module

222 sends a router advertisement (e.g., a unicast router
advertisement packet) only to the particular client device
230a-230¢ with the link local address 1dentified in the router
solicitation message generated by the router configuration
module 204, only that particular client device 230a-230c¢
may receive the router advertisement and use the unique
IPv6 prefix to generate a unique global IPv6 address.

In an embodiment, rather than sending router solicitation
messages to the IPv6 address management module 222 on
behalf of the connected clients 230a-230c¢, 1n response to
receiving the indication that the data connection 1s estab-
lished, the router configuration module 204 may send an
indication of the link local addresses (e.g., link local IPv6
address) and client device identifiers (e.g., MAC address)
used by the respective client devices 230a-230¢ connected
to the LAN 1nterface 208 to the IPv6 address management
module 222. The IPv6 address management module 222
may receive the link local addresses and client device
identifiers, and use the client information (i.e., the link local
addresses and/or client device 1dentifiers) to assign a unique
IPv6 prefix from the pool of IPv6 prefixes to each already
connected client device 230a-230c. The IPv6 management
module 222 may then send a router advertisement including
that client device’s 230a-230c¢ respective unique IPv6 prefix
to the link local address of the respective client device
2304a-230c.

In a further embodiment, rather than sending router solici-
tation messages to the IPv6 address management module
222 on behalf of the connected clients 230a-230¢ or sending
client device information to the IPv6 address management
module 222, i response to receiving the indication that the
data connection 1s established, the router configuration mod-
ule 204 may forcibly disconnect the client devices 230a-
230¢ from the LLAN interface 208. In this manner, the client
devices 230a-230c will attempt to reconnect to the LAN
interface 208, and as part of reconnecting will reattempt
stateless address configuration and send router solicitation
messages to the IPv6 address management module 222.
Because the data connection 1s established, the client
devices 230a-230c may receirve router solicitation messages
with their assigned unique prefix.

While the application processor 202 and modem proces-
sor 220 are 1llustrated as separate processors 1n FIG. 2A, 1n
another embodiment the modem processor 220 and appli-
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cation processor 202 may be the same processor, such as
different cores of the same processor.

FIG. 2B illustrates modules within a softAP mobile
computing device 140 configured to operate as a mobile
router according to another embodiment. The softAP mobile
computing device 140 of the embodiment 1llustrated 1n FIG.
2B may operate 1n a manner similar to the softAP mobile
computing device 140 described above with reference to
FIG. 2A, except that 1n the softAP mobile computing device
140 of the embodiment illustrated in FIG. 2B, the IPv6
address management module 222 may be executed by the
application processor 202.

FI1G. 3 1llustrates an embodiment method 300 for a mobile
computing device configured to operate as a mobile router
(1.e., a softAP mobile computing device) to support prefix
delegation by providing unique IPv6 prefixes to connected
L AN client devices. The operations of method 300 may be
performed by various processors ol the softAP mobile
computing device, such as an application processor and/or a
modem processor as described above, and processors of
LAN client devices, such as the client devices described
above.

In block 302 the LAN client device may establish a local
area network (LAN) connection to the LAN interface of the
soltAP mobile computing device. The softAP mobile com-
puting device may operate as a mobile router. As an
example, the softAP mobile computing device may establish
a Wi-F1 LAN and may broadcast a service set identifier
(SSID) that may be used by client devices to connect to the
LAN Interface of the of the softAP mobile computing
device.

In block 304 the LAN client device may send a neighbor
advertisement, such as a neighbor advertisement packet, to
the kernel module including the router configuration module
of the soft AP mobile computing device. The neighbor adver-
tisement, or one or more similar advertisements, may be an
unsolicited advertisement sent by a client device as a client
device connects to the LAN and may include information
associated with the client device, such as the link local
address (e.g., the link local IPv6 address) and client device
identifiers (e.g., MAC address) used by the client device.
Neighbor advertisements may be received by the kernel
module and/or the router configuration module. In an
embodiment, the kernel module may receive the neighbor
advertisements and generate NEW_NFEIGH events based on
the neighbor advertisements which may be sent to the router
configuration module. In block 306 the router configuration
module of the solt AP mobile computing device may receive
the neighbor advertisement and/or the kernel module gen-
erated NEW_NEIGH event. In an embodiment, the NEW _
NEIGH event may be one of the received messages or events
(c.g., kernel events) that the softAP mobile computing
device recerves as LAN client devices connect to the LAN
interface. The NEW_NEIGH event, or one or more similar
events, may include the link local address (e.g., the link local
IPv6 address) and client device identifiers (e.g., MAC
address) used by the client device. In block 308 the router
configuration module may store the link local address and
client device identifiers 1n memory. For example, the router
configuration module may write the link local address and
client device 1dentifiers into a routing table including client
information, such as link local addresses, client device
identifiers, and other information associated with client
devices, associated with currently connected LAN client
devices.

In determination block 310 the router configuration mod-
ule may determine whether a data connection 1s established.
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An established data connection, such as an established IPv6
WAN connection, may be a connection between the softAP
mobile computing device and a base station associated with
a cellular network and/or a Wi-F1 router device connected to
the Internet. Establishing a data connection may include the
soltAP mobile computing device obtaining a short prefix
(e.g., a /56 prefix) from a network resource, with which the
soltAP mobile computing device may generate a finite
number of unique prefixes (e.g., /64 prefixes) to assign to
vartous LAN client devices. For example, for IPv6 WAN
connections requiring 64-bit prefixes, 1n response to receiv-
ing a S56-bit short prefix (or subscriber prefix), the softAP
mobile computing device may be capable of generating
64-bit LAN client device unique prefixes using the same
56-bit short prefix and adjustable 8 bits (1.e., 64 bits of
maximum prefix allocation—-36 bits of short prefix=8 bits
that may change for making umique numbers to be combined
with the 56 bits of the short prefix). Operations for estab-
lishing the IPv6 WAN connection may be performed by the
soltAP mobile computing device via a modem processor as
described above. In an embodiment, when a data connection
1s established and after the network assigns a delegated
prefix, the router configuration module may receive an
indication that a data connection 1s established.

In an embodiment, the router configuration module may
determine whether the data connection 1s established based
on receiving an indication that the data connection 1s estab-
lished. As examples, the indication that a data connection 1s
established may be a message from a module of the modem,
such as the IPv6 address management module or DHCPv6
client module, or may be a setting of a periodically checked
flag 1n memory that indicates that a data connection 1is
established.

In response to determining that a data connection 1s not
established (i.e., determination block 310="No""), the router
configuration module may continue to determine whether a
data connection 1s established in determination block 310.

In response to determiming that a data connection 1s
established (1.e., determination block 310="*Yes”), the router
configuration module may generate a router solicitation
message based on the stored link local address and client
device i1dentifier 1n block 312. As an example, the router
configuration module may generate a router solicitation
packet for each connected LAN client device based on that
client device’s stored link local IPv6 address and MAC
address as though the router solicitation packet was gener-
ated by that respective LAN client device 1tself

In block 314 the router configuration module may send
the generated router solicitation message to the IPv6 address
management module of the soft AP mobile computing device
and 1n block 316 the IPv6 address management module may
receive the router solicitation message from the router
configuration module. While the generated router solicita-
tion message may be generated by and received from the
router configuration module, the IPv6 address management
module may 1dentify and handle the router solicitation
message as it had been generated and sent by the respective
connected LAN client device.

In block 318 the IPv6 address management module may
assign a unique IPv6 prefix based on the router solicitation
message to the LAN client device. For example, the IPv6
address management module of the soft AP mobile comput-
ing device may assign an unassigned prefix (e.g., a 64-bit
prefix) of a pool of available prefixes to the identified LAN
client device. Via a modem processor, the softAP mobile
computing device may generate a unique 64-bit prefix for
the LAN client device based on a short prefix (e.g., a 56-bit
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short prefix, etc.) previously obtained from network
resources. The pool of available prefixes may be all prefixes
the softAP mobile computing device 1s permitted to assign
based on the short prefix (e.g., /56) assigned to the softAP
mobile computing device by the network resource. Further,
the pool of available prefixes may include assigned prefixes
that are already assigned to client devices connected to the
established LAN and unassigned prefixes associated with no
client device. As described above, when configured to utilize
a prefix delegation feature of IPv6 communications, the
soltAP mobile computing device may utilize or assign a
finite number of prefixes based on the short prefix obtained
from network resources (1.e., a short 56-bit prefix assigned
to the softAP mobile computing device as a router). For
example, when the short prefix obtained from network
resources 1s 56 bits but the IPv6 prefix size 1s 64 baits, the
soltAP mobile computing device may use the difference of
8 bits to generate umque prefixes for LAN client devices.
Accordingly, the softAP mobile computing device may

generate or 1dentity a currently unused 64-bit prefix that 1s
based on the short prefix (e.g., 56-bit). In some embodi-
ments, the softAP mobile computing device may utilize a
table or other data structure to manage current assignments
for unique prefixes, such as a data table including all
assigned prefixes. As another example, such a data table may
include entries for all possible prefixes capable of being
assigned based on the short prefix, with each entry associ-
ated with a bit or flag indicating whether 1t 1s currently
assigned to a LAN client device.

In block 320 the IPv6 address management module may
generate and send a router advertisement including the
unique IPv6 prefix to the connected LAN client device, and
in block 322 the connected LAN client device may receive
the router advertisement including the unique IPv6 prefix.
For example, the router advertisement may be a router
advertisement packet. In block 324 the connected LAN
client device may generate a unique IPv6 global address
based on the unique IPv6 prefix. The LAN client device may
then use the unique IPv6 global address to recerve IPv6 data
packets.

FIG. 4 1illustrates another embodiment method 400 for a
mobile computing device configured to operate as a mobile
router (1.e., a softAP mobile computing device) to support
prefix delegation by providing unique IPv6 prefixes to
connected LAN client devices. The method 400 1s similar to
the method 300 described above, except that the operations
in method 400 may not include generating a router solici-
tation message on behall of the client device. Rather, an
indication of the stored client information including at least
the link local address and client device 1dentifier may be sent
from the router configuration module to the IPv6 address
management module.

In blocks 302-310 the client device and router configu-
ration module of the softAP mobile computing device may
perform operations of like numbered blocks of method 300
described above with reference to FIG. 3. In response to
determining a data connection 1s established (1.e., determi-
nation block 310="Yes”), in block 402 the router configu-
ration module may send an indication of the stored client
information including the link local address and client
device 1dentifier may be sent from the router configuration
module to the IPv6 address management module, In block
404 the IPv6 address management module of the softAP
mobile computing device may recerve the client information
including at least the link local address and client device
identifier. In this manner, rather than generating a router
solicitation message, the router configuration module may
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merely provide the raw information needed to generate a
umque IPv6 prefix to the IPv6 address management module.

In block 406 the IPv6 address management module may
assign a unique IPv6 prefix based on the received client
information. For example, the IPv6 address management
module may assign the unique IPv6 prefix in a manner
similar to the operations 1n block 318 described above with
reference to FIG. 3 using the received link local address
(e.g., a link local IPv6 address) and client information (e.g.,
a MAC ID) provided by the router configuration module
without requiring a router solicitation message to be
received. In blocks 320-324 the IPv6 address management
module of the softAP mobile computing device and the
client device may perform operations of like numbered
blocks of method 300 described above with reference to
FIG. 3.

FIG. 5 1llustrates another embodiment method 500 for a
mobile computing device configured to operate as a mobile
router (1.e., a soitAP mobile computing device) to support
prefix delegation by providing umque IPv6 prefixes to
connected LAN client devices. The method 500 1s similar to
the method 300 described above, except that the operations
in method 500 may not include client device information
being sent from the router configuration module to IPv6
address management module to assign a unique IPv6 prefix.
Rather, the LAN connection used by the LAN client device
may be terminated each time a data connection i1s estab-
lished, thereby causing the L AN client device to re-establish
the LAN connection and send 1ts own router solicitation
message to the IPv6 address management module of the
soltAP mobile computing device.

In blocks 302-310 the client device and router configu-
ration module of the softAP mobile computing device may
perform operations of like numbered blocks of method 300
described above with reference to FIG. 3. In response to
determining a data connection 1s established (1.e., determi-
nation block 310=*Yes”), 1n block 502 the router configu-
ration module may terminate the connections to the LAN
interface for all connected LAN client devices and 1n block
504 the connection of the client device may be terminated.

In block 505 the client device may re-establish its con-
nection to the LAN interface 1n a manner similar to that
described above with reference to block 302. In this manner,
the client device may, in eflect, establish a new LAN
connection to the soltAP mobile computing device and LAN
interface. Because the LAN client device 1s re-establishing
its connection to the LAN interface, 1ts stateless address
conflguration processes may be restarted and 1n block 506
the client device may send a router solicitation message to
the IPv6 address management module of the softAP mobile
computing device. In block 508 the IPv6 address manage-
ment module may receive the router solicitation message
from the LAN client device. In blocks 318-324 the IPv6
address management module of the soft AP mobile comput-
ing device and the client device may perform operations of
like numbered blocks of method 300 described above with
reference to FIG. 3.

Various embodiments (including, but not limited to,
embodiments discussed above with reference to FIGS. 2A,
2B, and 3-5) may be implemented in any of a variety of
computing devices. For example, FIG. 6 1llustrates a mobile
computing device 140 suitable for use 1n various embodi-
ments. In various embodiments, the mobile computing
device 140 may include a processor 601 coupled to a touch
screen controller 604 and an internal memory 602. The
processor 601 may be one or more multicore integrated
circuits (ICs) designated for general or specific processing
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tasks. The internal memory 602 may be volatile or non-
volatile memory, and may also be secure and/or encrypted
memory, or unsecure and/or unencrypted memory, or any
combination thereof. The touch screen controller 604 and
the processor 601 may also be coupled to a touch screen
panel 612, such as a resistive-sensing touch screen, capaci-
tive-sensing touch screen, infrared sensing touch screen, etc.
The mobile computing device 140 may have one or more
radio signal transceivers 608 (e.g., Peanut®, Bluetooth®,
Zighee®, Wi-Fi, RFE, cellular, etc.) and antennae 610, for
sending and receiving, coupled to each other and/or to the
processor 601. The transceivers 608 and antennae 610 may
be used with the above-mentioned circuitry to implement the
various wireless transmission protocol stacks and interfaces.
The mobile computing device 140 may include a cellular
network wireless modem chip 616 that enables communi-
cation via a cellular network and 1s coupled to the processor.
The mobile computing device 140 may include a peripheral
device connection interface 618 coupled to the processor
601. The peripheral device connection interface 518 may be
singularly configured to accept one type of connection, or
multiply configured to accept various types of physical and
communication connections, common or proprietary, such
as USB, FireWire, Thunderbolt, or PCle. The peripheral
device connection interface 618 may also be coupled to a
similarly configured peripheral device connection port (not
shown). The mobile computing device 140 may also include
speakers 614 for providing audio outputs. The mobile com-
puting device 140 may also include a housing 620, con-
structed of a plastic, metal, or a combination of materials, for
containing all or some of the components discussed herein.
The mobile computing device 140 may include a power
source 622 coupled to the processor 601, such as a dispos-
able or rechargeable battery. The rechargeable battery may
also be coupled to the peripheral device connection port to
receive a charging current from a source external to the
mobile computing device 140.

Processors of computing devices suitable for use in vari-
ous embodiments may be any programmable microproces-
sor, microcomputer or multiple processor chip or chips that
can be configured by software 1nstructions (applications) to
perform a variety of functions, including the functions of the
vartous embodiments described above. In the various
devices, multiple processors may be provided, such as one
processor dedicated to wireless communication functions
and one processor dedicated to runming other applications.
Typically, software applications may be stored in internal
memory belfore they are accessed and loaded into the
processors. The processors may include internal memory
suflicient to store the application soitware instructions. In
many devices, the internal memory may be a volatile or
nonvolatile memory, such as flash memory, or a mixture of
both. For the purposes of this description, a general refer-
ence to memory refers to memory accessible by the proces-
sors 1ncluding internal memory or removable memory
plugged into the various devices and memory within the
Processors.

The foregoing method descriptions and the process flow
diagrams are provided merely as illustrative examples and
are not intended to require or imply that the steps of the
various embodiments must be performed in the order pre-
sented. As will be appreciated by one of skill in the art the
order of steps in the foregoing embodiments may be per-
formed 1n any order. Words such as “‘thereaiter,” *“‘then,”
“next,” etc. are not mtended to limit the order of the steps;
these words are simply used to guide the reader through the
description of the methods. Further, any reference to claim
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clements 1n the singular, for example, using the articles “a,’
“an” or “the” 1s not to be construed as limiting the element
to the singular.

The various illustrative logical blocks, modules, circuits,
and algorithm steps described 1n connection with the
embodiments disclosed herein may be implemented as elec-
tronic hardware, computer software, or combinations of
both. To clearly i1llustrate this interchangeability of hardware
and software, various 1illustrative components, blocks, mod-
ules, circuits, and steps have been described above generally
in terms of their functionality. Whether such functionality 1s
implemented as hardware or software depends upon the
particular application and design constraints imposed on the
overall system. Skilled artisans may 1mplement the
described functionality 1n varying ways for each particular
application, but such implementation decisions should not
be mterpreted as causing a departure from the scope of the
present 1nvention.

The hardware used to implement the various illustrative
logics, logical blocks, modules, and circuits described 1n
connection with the embodiments disclosed herein may be
implemented or performed with a general purpose processor,
a digital signal processor (DSP), an application specific
integrated circuit (ASIC), a field programmable gate array
(FPGA) or other programmable logic device, discrete gate or
transistor logic, discrete hardware components, or any com-
bination thereof designed to perform the functions described
herein. A general-purpose processor may be a microproces-
sor, but, in the alternative, the processor may be any con-
ventional processor, controller, microcontroller, or state
machine. A processor may also be implemented as a com-
bination of computing devices, e.g., a combination of a DSP
and a microprocessor, a plurality ol microprocessors, one or
more microprocessors in conjunction with a DSP core, or
any other such configuration. Alternatively, some steps or
methods may be performed by circuitry that i1s specific to a
given function.

In one or more exemplary embodiments, the functions
described may be implemented 1n hardware, software, firm-
ware, or any combination thereof. If implemented 1n soft-
ware, the functions may be stored on or transmitted over as
one or more instructions or code on a non-transitory pro-
cessor-readable, computer-readable, or server-readable
medium or a non-transitory processor-readable storage
medium. The steps of a method or algorithm disclosed
herein may be embodied 1n a processor-executable software
module or processor-executable instructions (or software
instructions) that may reside on a non-transitory computer-
readable storage medium, a non-transitory server-readable
storage medium, and/or a non-transitory processor-readable
storage medium. In various embodiments, such instructions
may be stored processor-executable instructions or stored
processor-executable software instructions. Tangible, non-
transitory computer-readable storage media may be any
available media that may be accessed by a computer. By way
of example, and not limitation, such non-transitory com-
puter-readable media may comprise RAM, ROM,.,
EEPROM, CD-ROM or other optical disk storage, magnetic
disk storage or other magnetic storage devices, or any other
medium that may be used to store desired program code in
the form of 1nstructions or data structures and that may be
accessed by a computer. Disk and disc, as used herein,
includes compact disc (CD), laser disc, optical disc, digital
versatile disc (DVD), tloppy disk, and blu-ray disc where
disks usually reproduce data magnetically, while discs
reproduce data optically with lasers. Combinations of the
above should also be included within the scope of non-
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transitory computer-readable media. Additionally, the opera-
tions of a method or algorithm may reside as one or any
combination or set of codes and/or 1nstructions on a tangible,
non-transitory processor-readable storage medium and/or
computer-readable medium, which may be incorporated into
a computer program product.

The preceding description of the disclosed embodiments
1s provided to enable any person skilled in the art to make
or use the present mnvention. Various modifications to these
embodiments will be readily apparent to those skilled 1n the
art, and the generic principles defined herein may be applied
to other embodiments without departing from the spirit or
scope of the mvention. Thus, the present invention 1s not
intended to be limited to the embodiments shown herein but
1s to be accorded the widest scope consistent with the
following claims and the principles and novel features
disclosed herein.

What 1s claimed 1s:

1. A method for supporting prefix delegation by a sofit-
ware-enabled access point (“softAP”) mobile computing
device to a client device connected to a local area network
(LAN) established by the softAP mobile computing device,
comprising;

determining, by a router configuration module of the

soltAP mobile computing device, whether an Internet
Protocol version 6 (IPv6) data connection 1s estab-
lished;
generating, by the router configuration module of the
soltAP mobile computing device, a router solicitation
message based on a link local address and client device
identifier of the client device 1n response to determining
that the IPv6 data connection 1s established:
sending the generated router solicitation message from the
router configuration module of the soft AP mobile com-
puting device to an IPv6 address management module
of the soft AP mobile computing device; and

assigning, by the IPv6 address management module of the
soltAP mobile computing device, an unassigned prefix
of a pool of available prefixes to the client device based
on the received router solicitation message.

2. The method of claim 1, turther comprising establishing,
the IPv6 data connection by the softAP mobile computing
device, wherein:

the softAP mobile computing device receives a short

prefix from a network resource; and

the pool of available prefixes i1s based on the short prefix.

3. The method of claim 2, further comprising routing, by
the softAP mobile computing device, traflic between the
data connection and the client device using the assigned
prefix.

4. The method of claim 3, wherein the short prefix 1s 56
bits long, and each in the pool of available prefixes 1s 64 bits
long.

5. The method of claim 1, further comprising:

receiving a NEW_NEIGH event or neighbor advertise-

ment including the link local address and the client
device 1dentifier at the router configuration module of
the softAP mobile computing device; and

storing the link local address and the client device 1den-

tifier 1n memory ol the softAP mobile computing
device.

6. The method of claim 1, wherein the router solicitation
message 1s a router solicitation packet.

7. The method of claim 1, further comprising sending a
router advertisement from the IPv6 address management
module of the softAP mobile computing device to the client
device including the assigned prefix, wherein the client
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device generates a unique IPv6 global address based on the
assigned prefix in response to receiving the router adver-
tisement.

8. The method of claim 7, wherein the router advertise-
ment 1s a router advertisement packet.

9. The method of claim 1, wherein the link local address
1s a link local IPv6 address and the client device identifier 1s
a MAC ID.

10. A method for supporting prefix delegation by a
soltware-enabled access point (“softAP””) mobile computing
device to a client device connected to a local area network
(LAN) established by the softAP mobile computing device,
comprising;

determining, by a router configuration module of the

soitAP mobile computing device, whether an Internet
Protocol version 6 (IPv6) data connection 1s estab-
lished:

sending a link local address and client device i1dentifier

from the router configuration module of the softAP
mobile computing device to an IPv6 address manage-
ment module of the softAP mobile computing device in
response to determining that the IPv6 data connection
1s established; and

assigning, by the IPv6 address management module of the

soltAP mobile computing device, an unassigned prefix
of a pool of available prefixes to the client device based
on the received link local address and client device
identifier.

11. The method of claim 10, further comprising estab-
lishing the IPv6 data connection by the softAP mobile
computing device, wherein:

the softAP mobile computing device receives a short

prefix from a network resource; and

the pool of available prefixes 1s based on the short prefix.

12. The method of claim 11, further comprising routing,
by the softAP mobile computing device, traflic between the
data connection and the client device using the assigned
prefix.

13. The method of claim 12, wherein the short prefix 1s 56
bits long, and each in the pool of available prefixes 1s 64 bits
long.

14. The method of claim 10, further comprising:

recerving a NEW_NEIGH event or neighbor advertise-

ment including the link local address and the client
device 1dentifier at the router configuration module of
the softAP mobile computing device; and

storing the link local address and the client device 1den-

tifier 1 memory ol the softAP mobile computing
device.

15. The method of claim 10, wherein the router solicita-
tion message 1s a router solicitation packet.

16. The method of claim 10, further comprising:

sending a router advertisement from the IPv6 address

management module of the softAP mobile computing
device to the clhient device including the assigned
prefix, wherein the client device generates a unique
IPv6 global address based on the assigned prefix in

response to receiving the router advertisement.
17. The method of claim 16, wherein the router adver-

tisement 1s a router advertisement packet.
18. The method of claim 10, wherein the link local

address 1s a link local IPv6 address and the client device
identifier 1s a MAC ID.

19. A method for supporting prefix delegation by a
soltware-enabled access point (“softAP””) mobile computing




US 9,584,467 B2

19

device to a client device connected to a local area network
(LAN) established by the softAP mobile computing device,
comprising;
determining, by a router configuration module of the
soltAP mobile computing device, whether an Internet
Protocol version 6 (IPv6) data connection 1s estab-

lished; and

terminating, by the router configuration module of the
soltAP mobile computing device, all connections of the
LAN 1n response to determining that the IPv6 data
connection 1s established,

wherein the client device 1s configured to establish a new
LAN connection to the softAP mobile computing
device 1n response to the LAN connection being ter-

minated, generate a router solicitation message based
on a link local address and client device identifier of the
client device 1n response to establishing the new LAN
connection, and send the generated router solicitation
message irom the client device to an IPv6 address
management module of the softAP mobile computing
device configured to assign an unassigned prefix of a
pool of available prefixes to the client device based on
the recerved router solicitation message.

20. The method of claim 19, further comprising estab-
lishing the IPv6 data connection by the softAP mobile
computing device, wherein:

the softAP mobile computing device receives a short

prefix from a network resource; and

the pool of available prefixes i1s based on the short prefix.

21. The method of claim 20, further comprising routing,
by the softAP mobile computing device, traflic between the
data connection and the client device using the assigned
prefix.

22. The method of claim 21, wherein the short prefix 1s 56
bits long, and each in the pool of available prefixes 1s 64 bits
long.

23. The method of claim 19, further comprising:

receiving a NEW_NEIGH event or neighbor advertise-

ment including the link local address and the client

device 1dentifier at the router configuration module of

the softAP mobile computing device; and
storing the link local address and the client device 1den-
tifier 1n memory ol the softAP mobile computing
device.
24. The method of claim 19, wherein the router solicita-
tion message 1s a router solicitation packet.
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25. The method of claim 19, further comprising:

sending a router advertisement from the IPv6 address
management module of the softAP mobile computing
device to the client device including the assigned
prefix, wherein the client device generates a unique
IPv6 global address based on the assigned prefix in
response to receiving the router advertisement.

26. The method of claim 25, wherein the router adver-

tisement 1s a router advertisement packet.
27. The method of claam 19, wherein the link local

address 1s a link local IPv6 address and the client device
identifier 1s a MAC ID.

28. A mobile computing device, comprising a processor
configured with processor-executable instructions to per-

form operations comprising:

determinming whether an Internet Protocol version 6 (IPv6)

data connection 1s established;

generating a router solicitation message based on a link

local address and client device identifier of a client
device 1n response to determining that the IPv6 data
connection 1s established;

sending the generated router solicitation message to an

IPv6 address management module of the softAP mobile
computing device;

assigning an unassigned prefix of a pool of available

prefixes to the client device based on the recerved
router solicitation message; and

sending the IPv6 prefix to the client device.

29. The mobile computing device of claim 28, wherein the
processor 1s configured with processor-executable instruc-
tions to perform operations further comprising establishing
the IPv6 data, wherein:

the processor receives a short prefix from a network

resource;

the pool of available prefixes 1s based on the short prefix;

and
routing trailic between the data connection and the client
device using the assigned prefix.

30. The mobile computing device of claim 28, wherein the
processor 1s configured with processor-executable nstruc-
tions to perform operations further comprising:

recetving a NEW_NEIGH event or neighbor advertise-

ment including the link local address and the client
device identifier; and

storing the link local address and the client device 1den-

tifier in memory.
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